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Walnut seed are a high-density source of nutrients, particularly proteins and essential fatty acids. The two most common major species of walnut are grown for their seed-the Black walnut (Juglans nigra) and the English walnut (J. regia; 9). The Black walnut is of high flavor but, due to its hard shell and poor hulling characteristics, it is not grown commercially for nut production (9) . The commercially produced walnut varieties are nearly all hybrids of the English walnut (9) . The worldwide production of walnut seed has been increasing rapidly in recent years. In 2011, the world's three largest producers of inshell walnut seed were China (1.65 million metric tons [t]), Iran (0.49 million t), and the United States (0.42 million t) (21) . In California, there are approximately 89,000 ha of English walnut with >30 cultivars planted, producing 99% of English walnut seed in the United States (9, 57) . Almost all production takes place in the two major Sacramento and San Joaquin Valleys of California (9) .
Members of the family Botryosphaeriaceae (Botryosphaeriales) have a worldwide distribution and cause disease on a wide variety of woody plants (8, 54) . In California, Botryosphaeriaceae fungi have been reported and caused diseases on many important fruit and nut trees, such as almond (Prunus dulcis; 28), avocado (Persea americana; 33, 34) , grapevine (Vitis vinifera; [61] [62] [63] , olive (Olea europaea; 41, 65) , and pistachio (Pistacia vera; 32, 36) . The disease symptoms caused by Botryosphaeriaceae fungi on fruit and nut trees in California include stem and branch canker, shoot blight, twig and fruit blight, bud blight, and twig dieback and leaf blight (28, 32, 33, 36, 41, (63) (64) (65) . For the California fruit and nut trees, some species of Botryosphaeriaceae are considered as important pathogens; for example Lasiodiplodia citricola (11, 14) , L. theobromae (13, 61) and Neofusicoccum parvum (28, 34, 61) are highly pathogenic to their hosts, N. mediterraneum is widely distributed and moderately pathogenic to almond (28) .
The genus Phomopsis (anamorph of Diaporthe) contains >1,000 species names, which comprise important phytopathogenic microfungi from a wide ranges of hosts (24, 48, 58, 59) . For species identification in the genera Diaporthe and Phomopsis, the traditional methods, including morphology, culture characteristics, and host association, are inadequate or unreliable (24, 50, 58) . Recently, molecular technologies have been used to identify species of Diaporthe or Phomopsis effectively and credibly (24, 50, 58) . We are now able to link anamorph and teleomorph states through molecular sequence data regardless of whether the taxon in question expresses sexual or asexual structures (24, 26, 27, 49, 52, 69) . There is a movement underway to provide all fungal species with a single name (26, 27, 52, 69) . In this study, we have chosen to use the sexual name (Diaporthe), the older name (Diaporthe in 1870 versus Phomopsis in 1905), for the species of Diaporthe or Phomopsis.
In California, species of Diaporthe cause stem and branch cankers, shoot blight, twig dieback, fruit rot, leaf spot and blight to a wide range of plant hosts (22, 42) . Diaporthe spp. have been reported on various nut crops and fruits, such as almond (2) , avocado (22) , fig (37) , olive (65) , pistachio (16, 22, 39) and strawberry (Fragaria × ananassa; 22) . Recent inoculation results indicated that species of Diaporthe were considered as weak pathogens to olive in California (65) .
The limited research about diseases on English walnut in California has resulted in identification of five species of Botryosphaeriaceae, include Diplodia seriata, L. citricola, N. mediterraneum, N. parvum and Neoscytalidium dimidiatum (11, 28) . All these species were isolated from diseased walnut stems, branches or twigs. Pathogenicity tests indicated that they are all pathogenic to English walnut branches (11) and L. citricola and/or N. dimidia-Center for Biotechnology Information [NCBI] ; http://www.ncbi. nlm.nih.gov) nucleotide database to obtain preliminary identifications. Sequences of the type specimen isolates or strains for closely related Botryosphaeriaceae and Diaporthe spp. were obtained from GenBank (http://www.ncbi.nlm.nih.gov) to compile datasets for phylogenetic analyses. The sequences for each of the three gene regions were aligned using the online interface of MAFFT v. 5.667 (29) , with the iterative refinement method (FFT-NS-i settings). The sequence alignments were edited manually in MEGA4 (55) . The sequence alignments for each of the datasets were deposited in TreeBASE (http://treebase.org/treebase-web/).
Maximum-likelihood (ML) phylogenetic analyses were conducted for each of the ITS, TEF-1α, and BT datasets. The best models of nucleotide substitution were established with Modeltest 3.7 (46) . The ML analyses were conducted with PhyML 3.0 (25) . For the ML analyses, additional ML parameters in PhyML included the retention of the maximum number of 1,000 trees and the determination of nodal support by nonparametric bootstrapping with 1,000 replicates. MEGA4 was used to construct consensus trees (55) .
Culture and conidia morphological characterization. In order to characterize species of Botryosphaeriaceae and Diaporthe using the morphological characteristics and depending on the amount of isolates identified by the phylogenetic analyses, one to six representative isolates of each species were selected to study their culture and conidia characteristics. A 7-mm plug of a colony for each selected isolate was removed from these cultures and transferred to the center of 90-mm petri dishes containing 2% PDA. These cultures were grown at different incubation temperatures of 0 to 40°C at 5°C intervals for 2 to 4 days. Five replicate plates of each isolate were used at each temperature. The plates were incubated in the dark and two measurements of colony diameter, at right angles to each other, were taken daily until the fastest-growing culture had covered the plate, and the averages were then calculated for each of the nine temperatures. The experiment was repeated once. Colony morphological characteristics were observed and colony color was determined using the color charts of Rayner (47) .
To study conidial morphology of the selected representative isolates, pycnidia formation was induced by growing isolates on a 2% agar medium with pistachio leaves (pistachio leaves were autoclaved at 120°C for 20 min and then placed into petri dishes containing a 2% agar medium (agar; 10 g of agar and 500 ml of water; Microtech Scientific) that were incubated at 25 ± 3°C for 15 days. Pycnidia-containing conidia were mounted in sterile water and squeezed on glass slides, and the length and width of 50 conidia for each isolate were measured at a magnification of ×1,000 with a compound microscope (Zeiss Microscope System Standard 16; Carl Zeiss Ltd.). Average (mean), standard deviation (std. dev.), minimum (min), and maximum (max) measurements were made and are presented as (min-) (average -std. dev.) -(average + std. dev.) (-max) for each isolate. Conidial shape, color, and the presence of septa were also recorded.
Inoculation of walnut branches and hulls with mycelium plugs. To test pathogenicity, one to three isolates of each identified species of Botryosphaeriaceae and Diaporthe from English walnut in California were selected for the field inoculation tests. Three cultivars ('Chandler', 'Tulare', and 'Vina') of J. regia were selected. Pathogenicity tests were conducted by inoculating 2-yearold branches and the current hulls of the fruit. Inoculations were conducted by using a 7-mm mycelium PDA plug from a 7-day-old culture. Wounding of the bark and hulls was created with a 7-mm cork borer and placing an agar plug bearing mycelia, upper surface down, into the fresh wound. Five 2-year-old branches or hulls of five fruit per isolate were inoculated. Five additional branches or hulls of each of the three cultivars were wounded and inoculated with a sterile 2% PDA plug and served as negative controls. Two experiments (the first in July and the second in August 2012) were conducted using the same methodology. Infection data were recorded 3 weeks after inoculation by measuring length of branch canker and fruit blight. Botryosphaeriaceae were isolated from English walnut in Spain and Greece, respectively.
Phylogenetic analyses. Isolates which represented different genotypes determined by the ITS, TEF-1α, and BT gene regions and covering all the hosts and sampled regions (counties) were selected for phylogenetic analyses (Table 1) , and sequences of these selected isolates were deposited in GenBank (Table 1 ). All the isolates can be separated into two groups by the BLAST searches using the NCBI nucleotide database: the family Botryosphaeriaceae and genus Diaporthe. The phylogenetic analyses for the sequences of isolates in this study (Table 1) and sequences obtained from GenBank (Table 2) Phylogenetic analyses based on three gene regions were unable to resolve the order of divergence of the genera within the family Botryosphaeriaceae; however, each genus is strongly supported (Figs. 2-4) . The only exceptions include the unsupported position of Dothiorella spp. which clustered among species of Neofusicoccum in the ITS analysis (Fig. 2) . The combined analysis (results (Fig. 2 , BS = 77, 72, and 93%, respectively). In contrast, only one phylogenetic subgroup in the TEF-1α gene analyses (Fig. 3) and two phylogenetic subgroups in the BT gene analyses (Fig. 4) , all with low bootstrap values (BS < 70%), existed. Because these multiple phylogenetic subgroups by ITS gene analysis were not supported by the TEF-1α or BT genes analyses, indicating that these reflect intraspecific sequence differences rather than interspecific variation, all of these isolates were considered as N. mediterraneum. and an HKY+G model (Lset base = [0.2212, 0.3438, 0.1762]; Nst = 2; transition/transversion ratio = 2.8057; rates = γ; shape = 1.0599) for the TEF-1α gene region.
The aligned sequences of each dataset of ITS (14 taxa, 627 characters) and TEF-1α (13 taxa, 384 characters) gene regions were deposited in TreeBASE (number 14888). Phylogenetic analyses revealed that isolates in this study grouped into two phylogenetic groups of Diaporthe. One isolate was identified as Diaporthe neotheicola, which was conserved with the ex-type specimen isolates of D. neotheicola (Figs. 5 and 6, BS = 100 and 73% for ITS and TEF-1α, respectively). Six isolates were phylogenetically close to the ex-type specimen of D. rhusicola in the ITS phylogenetic analysis (Fig. 5) . The TEF-1α sequence is not available for the extype specimen isolate of D. rhusicola; therefore, these six isolates were considered as D. rhusicola in this study.
Culture and conidia morphological characterization. Twenty-nine isolates (Tables 3 and 4) , which represent different species of Botryosphaeriaceae and Diaporthe identified by the three gene regions in this study, were selected for culture and conidial morphological characterization. All 29 isolates produced anamorphic structures on pistachio-leaf water agar within 2 to 3 weeks, and no teleomorph structures were observed. Based on colony growth characteristics, colony morphology, and conidia morphology, these fungi were grouped into seven distinct groups, which represented 12 species.
The first group was characterized by having slowly growing (colony diameter < 24 mm after 24 h at the optimal growth temperature of 25°C) (Diaporthe spp. in Table 3 ), white to light-gray mycelium. Fungal colonies were suppressed or slightly raised and some developed prominent growth rings, with margins becoming black with age. Colonies produced dark pycnidia over time. Lightcream-colored conidia masses were observed on the pycnidia. Conidia were subcylindrical to fusoid-ellipsoidal, widest in middle, and small (<15 by 5 µm). All these morphological characteristics were consistent with the description of species of Diaporthe (24, 58) . Two species of Diaporthe, D. neotheicola and D. rhusicola were identified in this group. Conidia of D. rhusicola (average 8.6 by 3.3 µm) were larger than those of D. neotheicola (conidia average 7.9 by 2.5 µm) ( Table 4) .
The second group of fungi with fast-growing mycelium (colony diameter to 85 mm after 24 h at the optimal growth temperature of 30°C; N. dimidiatum in Table 3 ) had colonies with suppressed, dense mycelium. Colonies were initially white to olivaceous-buff, becoming greenish-olivaceous from the middle of the colonies within 7 days, and light black with age. Three types of conidia were observed: ellipsoidal to oval conidia, muriform conidia (globose, subglobose to obpyriform with muriform), and arthroconidia (conidia occurring in arthric chains, powdery to the touch, disarticulating, cylindrical-truncate) (Neoscytalidium spp. in Table 4 ). These characteristics were consistent with the description of Neoscytalidium spp. of Botryosphaeriaceae. This group of fungi were identified as N. dimidiatum (Table 4) .
The third group contained Dothiorella spp. These species produced moderate mycelium growth (colony diameter of 40.5 mm after 24 h at the optimal temperature of 20°C; Table 3 ). Mycelia were suppressed and dense. Colonies were initially thin-white to gray, becoming gray-black from the middle within 7 days, and black with age. Conidia were brown to dark walled, one-septate without longitudinal striation within the pycnidia, often before release from the conidiogenous cells; conidia were ovoid or ellipsoid and averaged 26.0 by 9.4 µm (length/width [L/W] = 2.8). Dothiorella iberica was identified in this group (Table 4) . The forth group had the typical characteristics of Lasiodiplodia spp., with mycelium growing fast (colony diameter to 85 mm after 24 h of growth at the optimal temperature at 30°C; Table 3 ). Colonies were fluffy with aerial mycelium, initially white to smokegray, becoming gray-black from the middle within 7 days, and dark with age. Conidia were initially hyaline, aseptate, ellipsoid to ovoid, becoming pigmented, one-septate with longitudinal striations with age. Conidia averaged 25.4 by 14.7 µm (L/W = 1.8); this group of fungi were identified as L. citricola (Table 4) .
Each of three isolates of L. citricola from English walnut (isolates 7E78, 7E79, and 7E80) (11) and peach (Prunus persica; isolates 7E93, 7E94, and 7E95) (14) and three isolates of L. theobro- mae from almond (isolates 7E86, 7E87, and 7E88) (13) (Tables 3 and 4) . Results revealed that all Lasiodiplodia isolates had the same optimal growth temperature (30°C), with similar culture and conidia morphology (Tables 3 and 4 (Table 4) .
The fifth group of fungi had moderate mycelium growth (colony diameter 34.5 to 67 mm after 24 h at the optimal temperature of 25°C; species of Diplodia in Table 3 ). Colonies were moderately dense with slightly aerial mycelium, initially white and turning dark olivaceous from the middle after 7 days. Conidia initially were hyaline, aseptate, oblong to ovoid, becoming dark brown, thick-walled, rarely one-septate without longitudinal striations after being released from the pycnidia with age. Two species of Diplodia, Diplodia mutila and D. seriata, were identified in this (Table 4) .
Fungal groups six and seven produced moderate to fast-growing mycelia (colony diameter of 26.5 to 82 mm after 24 h at the optimal temperature of 25 to 30°C; species of Botryosphaeria and Neofusicoccum in Table 3 ). Colonies were moderately dense, with slight aerial mycelium, initially white, then turning gray-black from the middle after 7 days. Fungal group six and seven can be distinguished by conidia morphology. Conidia of group six were fusiform to ellipsoidal, with the average L/W smaller than 4.0, while fungi in group seven were narrow fusiform, with an average L/W of approximately 5.0.
Three species of Neofusicoccum were identified in fungal group six: Neofusicoccum nonquaesitum, N. parvum, and N. vitifusiforme. The conidial shapes of these three species are similar to each other, whereas they can be distinguished from each other by their conidial sizes; conidia of N. nonquaesitum (average of 28.8 × 7.7 µm) are larger than those of N. vitifusiforme (average of 22.6 × 6.5 µm), and the conidia of N. parvum (average of 18.0 × 5.9 µm) are the smallest (Table 4) .
B. dothidea and N. mediterraneum were identified in fungal morphological group seven. Colonies of B. dothidea (colony diameter larger than 55 mm after 24 h at the optimal temperature of 30°C) grew faster than N. mediterraneum (colony diameter <55 mm after 24 h at the optimal temperature of 25 to 30°C; Fig. 1 ). In California, in addition to English walnut, one isolate (4D33) from avocado was identified as Diplodia mutila, one isolate (4E64) from U. californica as N. nonquaesitum, and two isolates from almond (6I14 and 6I15) as Diaporthe rhusicola (Table 1) . Among 15 isolates from pomegranate, 3 (6F64, 6F65, and 6F66) were identified as Diplodia mutila, 1 (2K33) as D. seriata, and 11 (6F30, 6F52, 6F60, and 8 other isolates which are not shown) as N. mediterraneum (Table 1 ). In addition to California, two isolates (5A02 and 5A03) from walnut in Greece were identified as B. dothidea and, among nine walnut isolates from Spain, eight (2D18, 5B60, 5B61, 5B62, 5B63, 5B65, 5B67, and 5B602) were identified as N. parvum and one (5B64) as D. mutila (Table 1) .
Inoculations of walnut branches and hulls with mycelium plugs. For the walnut branches and hulls inoculated with mycelium plugs, 21 isolates (Tables 1, 5 , and 6) representing 10 species of Botryosphaeriaceae and 2 Diaporthe spp. on English walnut in California were selected. These included B. dothidea (2D20, 2E55, and 6I19), D. mutila (6B99 and 6F65), D. seriata (3H18 and 5F11), Dothiorella iberica (5G97), L. citricola (6I34 and 6I35), N. mediterraneum (5C87, 5H09, and 5H53), N. nonquaesitum (5A04), N. parvum (1L83, 1L87, and 2E43), N. vitifusiforme (5H02), Neoscytalidium dimidiatum (2D57), Diaporthe neotheicola (6I30), and D. rhusicola (6I44) ( Tables 1, 5 , and 6). There were no significant differences between the results of the two experiments; therefore, these data were combined for statistical analyses. Data of the average lesion length for the combination of two experiments are shown in Tables 5 and 6 and Figures 7 and 8. On attached branches, all the tested fungi were able to produce longer lesions on the three tested cultivars than the noninoculated control branches (Table 5 ). All the tested isolates of L. citricola and Neofusicoccum parvum produced significantly longer lesions than the control (Table 5) . Except for isolate 5H09 of N. mediterraneum on Chandler, all the tested isolates of N. mediterraneum produced significantly longer lesions than the control in all three cultivars (Tables 5). When results of the three cultivars were combined, L. citricola and N. parvum were clearly the most virulent species, followed by N. mediterraneum, Neoscytalidium dimidiatum, B. dothidea, and Neofusicoccum nonquaesitum (Fig. 7) . Isolates of L. theobromae and N. parvum were able to kill the attached branches in all three tested cultivars. Isolates of N. mediterraneum killed the attached branches of Tulare and Vina 3 weeks after inoculation. The overall data revealed that Vina and Tulare are more susceptible than Chandler when their branches were inoculated with Botryosphaeriaceae fungi (Fig. 7) .
The results from inoculations of fruit hulls on the trees were consistent with those from the branch inoculations. All the tested fungi produced a wider decay area than that in the control fruit (Table 6 ). With the exception of Diplodia mutila, D. seriata, Dothiorella iberica, Diaporthe neotheicola, and D. rhusicola, isolates of all the other species produced significantly larger lesions on hulls of the three cultivars (Table 6 ). After combining the results for the three cultivars, N. parvum and L. citricola were the most virulent, followed by B. dothidea, N. mediterraneum, Neoscytalidium dimidiatum, and Neofusicoccum nonquaesitum (Fig. 8) . For Tulare and Vina, all the species of Botryosphaeriaceae were able to rot the entire hull of the fruits in 3 weeks. However, on Chandler, Diplodia seriata, D. mutila, and Dothiorella iberica decayed only part of the hulls 3 weeks after inoculation. Inoculations with the Diaporthe spp. revealed that only Diaporthe neotheicola was able to decay the entire fruit hull of Vina in 3 weeks. These data revealed that Vina is the most susceptible and Chandler is relatively tolerant (Fig. 8) .
Effect of inoculation method on infection of walnut. Five isolates of Botryosphaeriaceae were selected to test the effect of inoculation method on infection of English walnut; these included B. dothidea (2E55), L. citricola (6I35), N. mediterraneum (5C87, 5H53), and N. parvum (1L83) ( Table 7 ). The two experiments did not differ significantly and, thus, the two datasets were combined. The average lesion length for the combination of two experiments is shown in Table 7 . Inoculations with the mycelium plug showed that all five tested isolates (Table 7) produced diseased lesions on the attached branches and decayed the fruit hulls but no lesions developed in the control branches or hulls (Table 7) . However, when a spore suspension was used to inoculate branches and hulls, only L. citricola resulted in canker development and decayed the walnut hulls (Table 7) ; no cankers were produced and the hulls of English walnut fruit were not decayed by the spore suspension of  B. dothidea, N. mediterraneum, or N. parvum.
Discussion
Research in this study represents the most comprehensive consideration of species of Botryosphaeriaceae from symptomatic English walnut trees affected by stem canker and branch and twig dieback in California to date. Using comparisons of ITS, TEF-1α, and BT sequence data and combined with the morphology and growth of colonies and morphology of conidia, 10 species of Botryosphaeriaceae belonging to six genera were identified from a relatively large collection of isolates. These include B. dothidea, Diplodia mutila, D. seriata, Dothiorella iberica, L. citricola, N.  mediterraneum, N. nonquaesitum, N. parvum, N. vitifusiforme, and Neoscytalidium dimidiatum. In addition, two species of Diaporthe (Diaporthaceae), Diaporthe neotheicola and D. rhusicola, were recovered from infected English walnut. Diplodia mutila, Dothiorella iberica, N. nonquaesitum, N. vitifusiforme, Diaporthe neotheicola, and D. rhusicola were reported for the first time from English walnut in California.
In previous studies in California, morphological features were used partially to characterize species of Botryosphaeriaceae (28, 31, 33, 65) . In this study, the colony growth characteristics, culture morphology, and conidia morphology of the English walnut fungi were tested. These morphological characteristics offered valuable information to support the species identification which was determined by DNA sequence comparisons. Results of morphological comparisons in this study revealed that there is an over- lap between B. dothidea and N. mediterraneum (in both culture and conidia morphology). Although the culture morphology and conidia morphology of N. nonquaesitum with N. vitifusforme and L. citricola with L. theobromae were all very similar, these species could not be distinguished easily only by their morphological characteristics. The morphological overlap has also occurred with species of Botryosphaeriaceae in California in other studies (28, 31, 33, 41) . Research results in this study further revealed that morphological features are not solely sufficient to define members within the family Botryosphaeriaceae to species.
Recently, research results indicated that DNA sequence comparisons of ITS, TEF-1α, and BT gene regions can identify species of Botryosphaeriaceae effectively and credibly (30, 31, 33, 41, 65) . In California, comparing the sequence data of the ITS, TEF-1α, and BT genes successfully clarified and identified species of Botryosphaeriaceae on fruit and nut trees, including isolates from avocado (33), coast live oak (Quercus agrifolia; 31), and olive (41, 65) trees. In this study, all the species of Botryosphaeriaceae were clearly distinguished by the phylogenetic analyses of each of the three gene regions; phylogenetic analysis results of the three gene regions were consistent with each other as well as with the combined dataset. Genetic variations noted were observed within some species, especially in the ITS gene analyses for the species of N. mediterraneum, whereas these variations were not supported by the Table 4 TEF-1α or BT gene analyses, suggesting that these reflect intraspecific sequence difference rather than interspecific variation. Multiple phylogenetic subgroups were also observed within N. parvum in the phylogenetic analyses of ITS, TEF-1α, and BT gene regions. Although cryptic species may exist, further genetic analyses with additional genes using a more extensive population sample may help to resolve this intraspecific or interspecific variation.
Results of pathogenicity tests revealed that L. citricola is the most pathogenic to the tested English walnut branches and hulls. Before this study, L. citricola was isolated from the graft union of English walnut in Tulare County in California (11) . This fungus, with Neoscytalidium dimidiatum, caused cankers at the graft union and killed the English walnut scion under an open environment in a nursery (11) . Species of Lasiodiplodia were reported in California from other nut and fruit trees, including L. citricola on peach (14), L. crassispora on grapevine (64) , and L. theobromae on almond (13) and grapevine (62) . Inoculations with these fungi showed that all are highly virulent to their respective hosts. Although only two isolates of Lasiodiplodia were collected in this study from walnut in Stanislaus County, it is recommended that the frequency of these fungi should be monitored to determined their build up and spread in other California counties.
In California, Neofusicoccum parvum has been reported from almond (28) , avocado (33, 34) , citrus (Citrus sp.) (3), English walnut (28) , and grapevine (61) . Inoculations of N. parvum on almond, avocado, citrus, and grapevine indicated that it is highly virulent (3, 28, 34, 61) . In our study, N. parvum was second only to L. citricola in terms of its virulence, which further supports the view that N. parvum is one of the most damaging species of Botryosphaeriaceae on trees (54) . Similarly to L. citricola, a relatively small amount (six isolates) of N. parvum was isolated from relatively few regions (Butte, Stanislaus, and Yolo Counties) but it is necessary to monitor the spread of this species to other regions in California. N. mediterraneum on English walnut was first reported by Trouillas et al. (57) and caused twig and branch dieback. In their study, pathogenicity tests indicated that this species is highly virulent to English walnut trees (57) . In our study, N. mediterraneum was the most frequently encountered species among all the species of Botryosphaeriaceae and Diaporthe, and was widely distributed in nearly all the counties of California where samples were collected. Inoculations showed that N. mediterraneum is intermediately virulent to English walnut among highly and less virulent species. Previous research showed that N. mediterraneum was common on other tree hosts in California, such as almond (28) and olive (41); in addition, inoculations indicated that it is intermediately to highly virulent to almond, grapevine, and olive (28, 41, 60, 64) . These results suggest that future research on disease management should focus on this widespread and virulent pathogen of English walnut in California.
Botryosphaeria dothidea, Diplodia mutila, D. seriata, Dothiorella iberica, N. nonquaesitum, N. vitifusiforme, and Neoscytalidium dimidiatum were intermediately or weakly virulent to the tested English walnut cultivars in this study and they were not isolated frequently from English walnut in California. These species were also reported from other trees in California. B. dothidea has been isolated from almond (28) , olive and pistachio (41) , and many other hosts (22, 38) . Diplodia mutila was isolated from avocado, Ilex sp. (28), grapevine, and Phoenix dactylifera (61) . D. seriata was recovered from almond, English walnut, pistachio, Prunus persica (28) , grapevine (62) , and olive (41) . Dothiorella iberica was recovered from avocado (33) , coast live oak (31) , and grapevine (61) . Neofusicoccum nonquaesitum was recovered from almond and U. californica (28) , N. vitifusiforme was recovered from olive (65) , and Neoscytalidium dimidiatum was recovered from fig (Ficus carica; 28) . Because all of these species were not highly virulent to their hosts or not widespread among the regions where walnut are grown, they are not considered important pathogens of walnut presently. However, these fungi still need to be monitored carefully, because some of them may spread and act as important pathogens under a suitable environment.
Two species of Diaporthe (Diaporthe neotheicola and D. rhusicola) were identified in this study. D. neotheicola (synonym Phomopsis theicola) has been reported as a weak pathogen on several hosts, such as almond (19) , Foeniculum vulgare (50) , and kiwifruit (Actinidia deliciosa; 56). Furthermore, D. rhusicola was recently identified from the leaves of Rhus pendulina (17) . Inoculation results indicated that these species are weak pathogens of English walnut in California.
Results in this study revealed that inoculation of English walnut branches and hulls with a mycelium plug of Botryosphaeriaceae and Diaporthe spp. resulted in much more severe disease than inoculation with a suspension of conidia. In the field, the anamorphic structures (pycnidia) were common, while the teleomorphic structures of Botryosphaeriaceae and Diaporthe spp. were rare on English walnut (T. J. Michailides, unpublished data). In the natural environment, the conidia of these species need water to exude from pycnidia and for dissemination and deposition on host tissue (4, 60) . Because the germination of conidia is important for infection of English walnut, the conidia of the various species of Botryosphaeriaceae or Diaporthe will differ in their ability to infect walnut. Therefore, it is critical to determine whether there are compounds in walnut tissues that favor or inhibit the germination of Botryosphaeriaceae or Diaporthe conidia on the surface of walnut tissues.
In this study, in addition to California, species of Botryosphaeriaceae were also identified from other regions on English walnut, including Diplodia mutila and Neofusicoccum parvum from Spain and B. dothidea from Greece. Pathogenicity of these isolates on English walnut was not tested in this study, while the inoculation results for these species in this study suggest that these fungi in Spain and Greece should be monitored, because blight caused by species of Botryosphaeriaceae has caused significant yield losses in walnut grown in Spain and the disease has been reported in walnut grown in Greece (T. J. Michailides, unpublished data).
This study represents the first detailed research about the phylogeny, morphology, distribution, and pathogenicity of species of Botryosphaeriaceae on English walnut in California and a number of significant findings were discovered. A relatively large number of species of Botryosphaeriaceae and two species of Diaporthe were identified; species of Botryosphaeriaceae were widely distributed on English walnut in California. Most of the identified species were also reported from other fruit and nut trees; frequently, these tree species are adjacent or in close proximity to English walnut orchards throughout both the Sacramento and San Joaquin Valleys.
The occurrence of similar fungal species in all three major nut tree crops in California suggests that cross infection could occur among these crops. Inoculations revealed that all the species identified in this study are pathogenic to the English walnut branches or hulls, with L. citricola and N. parvum being the most virulent and N. mediterraneum being intermediately virulent, despite the fact that is the most widely distributed Botryosphaeriaceae sp. on walnut. It is essential that these pathogens be monitored carefully in order to help make decisions on disease management. Inoculation of the three English walnut cultivars used in this study further suggests that there may be differences in susceptibility or tolerance of the different English walnut cultivars. Therefore, specific control measures need to be developed for the highly susceptible English walnut cultivars in California. Table 7 . Lesion lengths produced by species of Botryosphaeriaceae using two different inoculation methods; results show the average of three cultivars for all periodic inoculations of branches and fruit hulls on trees 
